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METHOD AND APPARATUS FOR TEMPERATURE 
COMPENSATION OF READ-ONLY MEMORY 

CROSS REFERENCE TO RELATED APPLICATIONS 

5 This application is a continuation-in-part of U.S. patent application, Serial 

No. 09/095231 entitled "RESISTIVE ELEMENT FOR SEMICONDUCTOR 
DEVICES," filed on June 10, 1998, and related to U.S. patent application, Serial No. 
08/748.035 entitled "STRUCTURE FOR READ ONLY MEMORY," filed on November 
12, 1996, which subsequently issued as U.S. Patent No. 5.847,442, which are assigned to 

10 the same assignee and are incorporated by reference herein. 


FIELD OF THE INVENTION 

This invention relates generally to electronic circuits and, more particularly, to 
15 temperature compensation of read-only-memory (ROM) electronic circuits. 

BACKGROUND OF THE INVENTION 

Read-Only Memories (ROMs) are well known in the art. Typically, ROMs are 
used in computer systems to provide a permanent storage of program instructions, such as 
20 mathematical functions, or informational data that is processed by mathematical 

functions. As is known in the art, a ROM typically consists of a planar array of parallel 
word lines, which are perpendicular to and insulated from a planar array of parallel bit 
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lines. In one embodiment of a ROM device, the two planes containing the word lines and 
bit lines are vertically disposed from each other and separated by an insulating layer. 
Active semiconductor devices such as bi-polar transistors or metal oxide semiconductor 
field effect transistors (MOSFETs) interconnect the junction of each word line and each 

5 bit line to form a memory cell. Typically, in the fabrication process, and for economy of 
scale, all the cells are populated with devices, and then a link to a particular device is 
opened in the encoding process to render that cell inactive. The connection or lack of 
connection of a device at a memory cell determines whether a logic "1" or "0" is stored in 
the cell. The control electrode (base or gate) of the active device is connected to the word 

10 line, and the emitter or source electrode is typically connected to the bit line, for transistor 
or MOSFET devices, respectively. A positive potential on a word line turns "on" the 
device at that cell. Where there is no physical link at the cell there is no signal 
transmitted to the bit line. The bit lines are then read in parallel to obtain a group of "1" 
and "0" signals that form the output of the ROM. 

15 ROM devices may also be fabricated with resistive interconnections. U.S. Patent 

5,847,442 to Mills, et al, entitled "Structure for Read-Only Memories," which is 
incorporated by reference herein teaches a ROM device fabricated using resistive devices 
to interconnect word and bit lines. The use of resistive devices is advantageous over 
transistor devices as resistive devices are easier to fabricate and smaller in size. A brief 

20 summary of the incorporated reference is presented to provide a better understanding of 
the invention claimed herein. 

A ROM device fabricated with resistive devices is illustrated in Figure 1 of the 
referred to U.S. Patent and is repeated herein as Figure 1. In the device shown, only 
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certain word lines 28 are connected to bit lines 40 by resistive device 30. The connection 
between word line 28 and bit line 40 is specified by the specific data stored in the ROM 
device. Resistive device 30 is formed as a column, or post, within the insulating material 
that separates parallel word line 28 from the vertically disposed parallel bit line 40. 

5 Resistive device 30 may be fabricated within a wide range of values. In order to 

reduce cross-talk between word line 28 and bit line 40 the minimum value of resistance is 
in the order of tens of Megaohms. To achieve resistive values in the order of tens of 
Megaohms in the space allocated, resistive device 30 is typically comprised of a 
polysilicon material having a controlled resistivity. Polysilicon materials are well known 

1 0 in the art and, as is known, may be formulated in a doped or undoped condition. Doping 
elements are typically selected from a group of elements consisting of boron, 
phosphorous, arsenic, and antimony. As discussed in the referenced patent, a significant 
advantage of using a polysilicon post as a resistor device to interconnect word and bits 
lines is a decrease in the size of a memory cell as resistive devices are smaller and 

1 5 required less power than transistors or MOSFETs . 

However, polysilicon is highly temperature sensitive, and, as is known in the art, 
the resistance of polysilicon decreases significantly with an increase in temperature. As 
the temperature increases and the resistivity of the connecting polysilicon resistive device 
decreases, the current through the resistive device increases. The increased current is 

20 known in the art to adversely affect the output voltage of the ROM as the output voltage 
is directly related to the current. One method of compensating for the increased output 
voltage is also disclosed in the aforementioned U.S. Patent. This method discloses using 
an operational amplifier with a gain characteristic responsive to the change in temperature 
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as sense amplifier 42. As disclosed, the operational amplifier employs a feedback resistor 
with electrical and thermal characteristics similar to those of data resistor 30. In this 
method, the gain of the operational amplifier decreases as the resistance of the feedback 
resistor decreases. The decreased gain compensates for the increased data current and 
5 maintains the output voltage substantially constant. 

However, a disadvantage of this method of compensation is that the current 
flowing through the ROM device remains strongly related to the change in temperature. 
This change in current flow further affects the switching speed of the ROM device, and 
accordingly, the switching speed remains strongly influenced by the change in 
10 temperature. 


SUMMARY OF THE INVENTION 

The present invention relates to temperature compensation of Read-Only Memory 
1 5 (ROM) that uses a temperature sensitive resistive material to connect word and bit lines. 
In such devices, the change in temperature adversely affects the output voltage and the 
switching speed of the ROM. 

In accordance with the invention, the current through a data resistive device is 
maintained at a substantially constant level by supplying to the ROM an input reference 
20 voltage that is responsive to changes in temperature. In one embodiment of the invention, 
an input reference voltage is developed by supplying a constant current source across a 
temperature-dependent reference resistor. The resistance of a reference resistor changes 
in response to changes in temperature and the voltage across the reference resistor (and 
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input to the ROM) changes accordingly. By changing the input voltage in response to a 
change in temperature, the data current to the ROM data resistors remains substantially 
constant. With a substantially constant current flow through the ROM device, the output 
voltage and ROM switching speed are maintained substantially constant. 
5 In an exemplary embodiment of the invention, the reference resistor is made from 

a material that has a similar temperature-dependent resistivity as the material selected as 
the resistive device that interconnects word and bit lines within the ROM. In this 
embodiment of the invention, a change in resistance of the reference resistor matches a 
change in resistance of the data resistor, thus causing the current flow through the data 
10 resistor to remain substantially constant for any change in temperature. 


BRIEF DESCRIPTION OF THE DRAWINGS 

The advantages, nature and various additional features of the invention will 
appear more fully upon consideration of the illustrative embodiments to be described in 
15 detail in connection with the accompanying drawings. In the drawings: 

Figure 1 is a plan view of a ROM device constructed using resistive devices; 
Figure 2 is a circuit diagram of one embodiment of the invention; 
Figure 3 is a plan view of one embodiment of the invention illustrated in Figure 2 
incorporated into the ROM device illustrated in Figure 1 ; and 
20 Figure 4 is a second embodiment of the invention illustrated in Figure 2 

incorporated in the ROM device illustrated in Figure 1. 


5 
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It is to be understood that these drawings are for purposes of illustrating the 
inventive concepts of the present invention. It will be appreciated that the same reference 
numerals, possibly supplemented with reference characters where appropriate, have been 
used throughout the figures to identify corresponding parts. 


DETAILED DESCRIPTION 

Figures 1 through 4 and the accompanying detailed description contained herein 
are to be used as illustrative examples of exemplary embodiments of the present 
invention and should not be construed as the only manner of practicing the invention. 

Referring now to Figure 2, there is shown an exemplary embodiment of the 
invention. In this embodiment of the invention, switch 25 is used to translate a command 
on an input address line 24 to a voltage on word line 28. In the exemplary embodiment 
of the invention illustrated, a MOSFET switch is used to translate an address line 
command to a word line voltage. As would be understood by those skilled in the art, a 
plurality of different switch types, using different technologies, may be used to translate 
an address line command to a word line voltage. For example, CMOS, Bi-polar 
transistor, diodes, mechanical and electro-static switches may be used in accordance with 
the invention. In this illustrated embodiment, when switch 25 is gated high (i.e., on) the 
current I a , generated by constant current source 27, flows through the switch to ground. 
However, when the illustrated switch is gated low (i.e., off) then current, I a , develops a 
reference voltage, V r , across reference resistor 29 that is applied as input voltage, F/, to 
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driver 26. As illustrated, driver 26 is represented as an unity gain operational amplifier 
configured as a voltage follower. As is known in the art, the voltage V{ at the high 
impedance input of the amplifier is present at the low impedance output of the amplifier. 
Hence, the reference voltage is present at the input side of data resistor 30. 

5 In accordance with one embodiment of the invention, reference resistor 29 is a 

temperature-dependent resistor having similar properties of conductivity as data resistor 
30. As the temperature changes, the resistive value of reference resistor 29 changes and 
the voltage developed across reference resistor changes in direct relation to the change in 
resistance. In the specific case that data resistor 30 and reference resistor 29 have the 

10 same electrical and thermal characteristics, upon gating switch 25 off the driver voltage 
V r appears on word line 25 and current I a flows from an input line (word line 28) to an 
output line (bit line 40) through data resistor 30. Current I a is then supplied to sense 
amplifier 42 to produce an output voltage. Sense amplifier 42, in this exemplary 
illustration of the present invention, is an operational amplifier with a fixed, temperature- 

1 5 independent, resistor 41 . As is known in the art, the output voltage of sense amplifier 42 
may be determined from the value of the fixed feedback resistor 41 and the current I a as: 

v out = -Ia R 
where R is the value of feedback resistor 41. 
In accordance with one embodiment of the invention, reference resistor 29 is 
20 formed from a material with substantially similar properties of conductivity as those of 
data resistor 30. In this case, the resistance values of data resistor 30 and reference 
resistor 29 change at substantially the same rate in response to a change in temperature. 
Accordingly, with constant current I a supplied to reference resistor 29, the voltage 
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developed across reference resistor 29 at any temperature is substantially the same as the 
voltage drop across data resistor 30 caused by current I a flowing through data resistor 30. 
The input reference voltage is thus adjusted at a rate that maintains current I a 
substantially constant through data resistor 30 when the associated word line is selected. 
5 Figure 3 illustrates one embodiment of the present invention incorporated in a 

resistive device ROM illustrated in Figure 1. In this embodiment of the invention, a 
temperature compensation circuit of the type illustrated in Figure 2 is connected to each 
input word line 28 through driver amplifier 26, In this illustrated embodiment, inputs 20 
provide commands to an n-stage ring counter 22 having a series of outputs connected to 

10 address lines 24. Address lines 24 are then connected, in this illustrated embodiment to a 
series of MOSFET switches 25, one switch for each address line. Coupled to each 
switch, is a reference resistor 29. 

As discussed previously in regard to Figure 2, reference voltage V r is developed 
across reference resistor 29 by supplying a constant current to temperature-dependent 

15 reference resistor 29, when the illustrated switch 25 is gated low. When switch 25 is 
gated high, the reference voltage is nominally at ground level. Reference voltage V r is 
then used as input voltage V{ to driver 26. Drivers 26 are typically in a low output state 
and each driver, when turned on, produces an output voltage Vq that follows the input 
voltage, Vj. In accordance with one embodiment of the invention, V{ is either a 

20 nominally zero level when a selected MOSFET switch 25 is gated on or a nominally V r 
level when a selected MOSFET switch 25 is gated off. 

As discussed in the referenced U.S. Patent, word line 28 is insulated from the bit 
line 40 except at selected cell sites where a connection is made between a word line and a 
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bit line by data resistor 30. At the memory cells where data resistor 30 is present, current 
I a flows from word line 28 to bit line 40. Current I a is then conveyed sense amplifier 42 
by bit line 40. 

In this illustrated embodiment of the invention, sense amplifier 42 is a feedback 
5 operational amplifier with a gain determined by feedback resistor 41 . As would be 
understood in the art, sense amplifier 42 may be operated either in a linear or non-linear 
mode. In the shown embodiment, feedback resistor 41 is a fixed value, and is 
substantially independent of temperature. The output voltage of sense amplifier 42 may 
then be determined from current I a and feedback resistor 41. As both the current I a and 
10 resistor 41 are temperature-independent, the output voltage remains substantially 
constant. 

Figure 4 illustrates a second embodiment of the invention as applied to a ROM 
device illustrated in Figure 1 . In this embodiment of the invention, a single constant 
current source 27 and reference resistor 29 are used to generate reference voltage V r . 

1 5 Reference voltage V r is then applied to each word line 28 through, in this illustrated 
embodiment, CMOS switch 25. As illustrated, CMOS switch 25 is implemented as an 
inverter composed of two complementary MOSFET switches 62 and 64. In this 
embodiment, when a selected address line 24 is high, switch 64 is gated off and switch 62 
is gated on. Accordingly, the voltage level at the input to drive 26 and, correspondingly, 

20 word line 28 is nominally at a ground level. However, when a selected address line 24 is 
low switch 64 is gated on and MOSFET switch 62 is gated off. In this case, the voltage 
level at the input to drive 26 and, correspondingly, on word line 28 is nominally reference 
voltage V r . This embodiment of the invention is advantageous over that illustrated in 
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Figure 3 as the same reference voltage is selectively applied to each of the plurality of 
input drivers 26. 

In the specific case of a ROM employing polysilicon data resistors, it is further 
advantageous to operate the data resistor in a non-linear region. Properties of polysilicon 
5 are well known in the art. As is known in the art, the current through a polysilicon 
resistor is determined as: 


/(v)=/^ sink 


where I 0 =a*exp 


[1] 


[2] 


k*T J 

Vq is proportional to the absolute temperature, T; 
10 k is Boltzmann's constant; and 

Eo is approximately 0.5 eV, which is approximately half 
the bandgap of silicon. 

From Equation 1 it would be understood by one skilled in the art that when the 
voltage, F, is greater than F#, then the resistance in the polysilicon material is non-linear. 
1 5 A more detailed presentation of the properties of polysilicon materials may be found in 
Chapter 5 of "Polycrystalline Silicon for Integrated Circuit Applications," Ted Kamins, 
Kluwer Academic Publishers, Boston, 1988. Furthermore, it is understood from 
Equations 1 and 2, that the current, I(v), is exponentially related to the voltage and the 
inverse of temperature, therefore, large changes in resistive value are compensated by 
20 small changes in voltage. In still another embodiment of the invention, the current 
flowing through data resistor 30 may be proportional to the input current I a , 
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As would be understood by those skilled in the art, the reference voltage, V r , may 
be generated by analog or digital means from locally measured temperature. Further still, 
the reference voltage may be developed externally or internally to the ROM. In a 
preferred embodiment of the invention, polysilicon reference resistors and an analog 
5 method are used to generate the reference voltage. 


The examples given herein are presented to enable those skilled in the art to more 
clearly understand and practice the instant invention. The examples should not be 
considered as limitations upon the scope of the invention, but as merely being illustrative 

10 and representative of the use of the invention. Numerous modifications and alternative 
embodiments of the invention will be apparent to those skilled in the art in view of the 
foregoing description. Accordingly, this description is to be construed as illustrative only 
and is for the purpose of teaching those skilled in the art the best mode of carrying out the 
invention and is not intended to illustrate all possible forms thereof It is also understood 

1 5 that the words used are words of description, rather than limitation, and that details of the 
structure may be varied substantially without departing from the spirit of the invention 
and the exclusive use of all modifications which come within the scope of the appended 
claims is reserved. 
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WHAT IS CLAIMED IS: 

1 . In a ROM device using a plurality of data resistors to interconnect a plurality of 
input word lines with a plurality of output bit lines, a temperature compensation 
circuit to maintain a current through a selected one of said data resistors 
substantially constant comprising: 

5 at least one reference resistor, wherein the conductivity of said reference 

resistors is responsive to changes in temperature; 

a constant current source coupled to said at least one reference resistor, 
said constant current source developing a voltage across said at least one reference 
resistor; and 

10 at least one switch connected to said at least one reference resistor to 

selectively couple said voltage to said input word lines, 

2. A temperature compensation circuit as recited in Claim 1 wherein conductive 
properties of said reference resistor are selected to be the same as the conductive 
properties of said data resistors. 

3. A temperature compensation circuit as recited in Claim 2 wherein said data 
resistor is selected from a polysilicon material. 
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A temperature compensation circuit as recited in Claim 3 wherein said polysilicon 
material is undoped. 

A temperature compensation circuit as recited in Claim 3 wherein said polysilicon 
material is doped. 

A temperature compensation circuit as recited in Claim 2 wherein said data 
resistor is comprised of a metal oxide. 

A temperature compensation circuit as recited in Claim 1 wherein conductive 
properties of said reference resistor s are selected to be substantially similar to the 
conductive properties of said data resistors. 

A temperature compensation circuit as recited in Claim 7 wherein said data 
resistor is selected from a polysilicon material. 

A temperature compensation circuit as recited in Claim 8 wherein said polysilicon 
material is undoped. 

A temperature compensation circuit as recited in Claim 8 wherein said polysilicon 
material is doped. 
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11. A temperature compensation circuit as recited in Claim 7 wherein said data 
resistor is comprised of a metal oxide. 

12. A temperature compensation circuit as recited in Claim 1 further comprising: 

a plurality of sense amplifiers coupled to said output bit lines, each output 
line having at least one sense amplifier, said sense amplifier receiving said 
constant current flowing through said data resistors wherein each of said sense 
5 amplifier provides a constant output voltage. 

13. A temperature compensation circuit as recited in Claim 12 wherein said sense 
amplifier comprises 

an operational amplifier with a fixed feedback resistor, R, wherein said 
amplifier output voltage is determined from the value of said constant current and 
5 said feedback resistor. 

14. A temperature compensation circuit as recited in Claim 1 3 wherein said feedback 
resistor is temperature independent. 

15. A temperature compensation circuit as recited in Claim 1 wherein said at least one 
switch selectively couples said voltage to a selected one of said input word lines 
when an input to said switch is high. 
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16. A temperature compensation circuit as recited in Claim 1 wherein said at least one 
switch selectively couples said voltage to a selected one of said input word lines 
when an input to said switch is low. 

1 7. A temperature compensation circuit as recited in Claim 12 wherein said sense 
amplifier is operated in the non-linear region. 

18. A temperature compensation circuit as recited in Claim 12 wherein said sense 
amplifier is operated in the linear region. 

19. A method to maintain a current through Read-Only Memory (ROM) substantially 
constant as temperature changes wherein said ROM employs a plurality of data 
resistors to provide electrical interconnections between a plurality of input lines 

5 and output lines, comprising the steps of: 

selecting a reference resistor having substantially similar properties of 
conductivity as said data resistor; 

supplying a reference voltage to said input lines, said reference voltage 
developed by supplying a constant current to said reference resistor, wherein said 
10 reference voltage is responsive to a change in temperature. 
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The method as recited in Claim 19 wherein said data resistor is comprised of 
undoped polysilicon. 


21. The method as recited in Claim 19 wherein said data resistor is comprised of 
doped polysilicon. 

22. The method as recited in Claim 19 wherein the step of supplying said reference 
voltage further comprises the step of selectively switching said reference voltage 
to said word line. 

23. In a ROM device using a plurality of data resistors to interconnect a plurality of 
input word lines with a plurality of output bit lines, a temperature compensation 
circuit to maintain a current through a selected one of said data resistors 
substantially constant comprising: 

5 at least one voltage source producing a voltage that is responsive to 

changes in temperature; and 

at least one switch connected to said at least one voltage source to 
selectively couple said voltage to said input word lines. 

24. A temperature compensation circuit as recited in Claim 23 further comprising: 

a plurality of sense amplifiers coupled to said output bit lines, each output 
line having at least one sense amplifier, said sense amplifier receiving said 
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constant current flowing through said data resistors wherein each of said sense 
amplifier provides a constant output voltage. 

A temperature compensation circuit as recited in Claim 24 wherein said sense 
amplifier comprises 

an operational amplifier with a fixed feedback resistor, R, wherein said 
amplifier output voltage is determined from the value of said constant current and 
said feedback resistor. 

A temperature compensation circuit as recited in Claim 25 wherein said feedback 
resistor is temperature independent. 

A temperature compensation circuit as recited in Claim 24 wherein said sense 
amplifier is operated in the non-linear region. 

A temperature compensation circuit as recited in Claim 24 wherein said sense 
amplifier is operated in the linear region. 

A temperature compensation circuit as recited in Claim 23 wherein said at least 
one switch selectively couples said voltage to a selected one of said input word 
lines when an input to said switch is high. 
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30. A temperature compensation circuit as recited in Claim 23 wherein said at least 
one switch selectively couples said voltage to a selected one of said input word 
lines when an input to said switch is low. 

31. A temperature compensation circuit as recited in claim 23 wherein said 
temperature responsive voltage changes to compensate for changes in voltage 
across said data resistor. 

32. A method to maintain a current through Read-Only Memory (ROM) substantially 
constant as temperature changes wherein said ROM employs a plurality of data 
resistors to provide electrical interconnections between a plurality of input lines 
and output lines, comprising the steps of: 

supplying a reference voltage that is responsive to changes in temperature 
to said input lines, wherein said reference voltage changes to maintain said current 
through said data resistor substantially constant. 

33. The method as recited in Claim 32 wherein the step of supplying said reference 
voltage further comprises the step of selectively switching said reference voltage 
to said word line. 
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ABSTRACT 


A method and apparatus for temperature compensation of a resistive based Read- 
only Memory device is disclosed. In accordance with the method of the invention, the 
input voltage supplied to ROM device is adjusted in response to changes in temperature 
to maintain the current through the ROM at a substantially constant level even as the 
resistivity of the temperature-dependent connection resistors changes. In one 
embodiment of the invention, the voltage across the reference resistor is determined by 
providing a constant current source to the reference resistor and this voltage level is 
applied to the input of the ROM device. The reference resistor is selected to have similar 
properties of conductivity as those of the data resistor, for example, a polysilicon. As the 
temperature increases, the resistivity of a polysilicon data resistor and resistor decrease in 
a similar manner and, accordingly, the voltage across the reference resistor also 
decreases. The voltage across the reference resistor decreases at a rate commensurate 
with a decreased voltage drop across the data resistor, thus maintaining the current 
through a selected data resistor constant. 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 
As the below named inventor, I hereby declare that: 

My residence, post office address and citizenship is as stated below next to my name. 

I believe I am the original, first and sole inventor of the subject matter which is claimed and 
for which a patent is sought on the invention entitled METHOD AND APPARATUS FOR 
TEMPERATURE COMPENSATION OF READ-ONLY MEMORY, which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by an amendment, if any, specifically referred to in 
this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 119 of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified below 
any foreign application for patent or inventor's certificate having a filing date before that of the 
application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States application in the manner provided by the first paragraph 
of Title 35, United States Code, 1 12, 1 acknowledge the duty to disclose all information known to me 
to be material to patentability as defined in Title 37, Code of Federal Regulations, 1.56 which 
became available between the filing date of the prior application and the national or PCT 
international filing date of this application: 

None 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 


2 


MILLS 11 


I hereby appoint the following attomey(s) with full power of substitution and revocation, to 
prosecute said application, to make alterations and amendments therein, to receive the patent, and to 
transact all business in the Patent and Trademark Office connected therewith: 

Lester H. Birnbaum (Reg. No. 25830) 

Richard J. Botos (Reg. No. 32016) 

Jeffery J. Brosemer (Reg. No. 36096) 

Kenneth M. Brown (Reg. No. 37590) 

Craig J. Cox (Reg. No. 39643) 

Donald P. Dinella (Reg. No. 39961) 

Guy Eriksen (Reg. No. 41736) 

Martin I. Finston (Reg. No. 31613) 

James H. Fox (Reg. No. 29379) 

William S. Francos (Reg. No. 38456) 

Barry H. Freedman (Reg. No. 26166) 

Julio A. Garceran (Reg. No. 37138) 

Mony R. Ghose (Reg. No. 38159) 

Jimmy Goo (Reg. No. 36528) 

Anthony Grillo (Reg. No. 36535) 

Stephen M. Gurey (Reg. No. 27336) 

JohnM.Harman (Reg. No. 38173) 

Michael B . Johannesen (Reg . No . 3 5 5 5 7) 

Mark A. Kurisko (Reg. No. 38944) 

Irena Lager (Reg. No . 3 9260) 

Christopher N. Malvone (Reg. No. 34866) 

Scott W. McLellan (Reg. No. 30776) 

Martin G. Meder (Reg. No. 34674) 

John C. Moran (Reg. No. 30782) 

Michael A. Morra (Reg. No. 28975) 

Gregory J. Murgia (Reg. No. 41209) 

Claude R. Narcisse (Reg. No. 3 8979) 

Joseph J. Opalach (Reg. No . 3 6229) 

Neil R. Ormos (Reg. No. 35309) 

Eugen E. Pacher (Reg. No. 29964) 

Jack R. Penrod (Reg. No. 3 1 864) 

Daniel J. Piotrowski (Reg. No. 42079) 

Gregory C. Ranieri (Reg. No. 29695) 

Scott J. Rittman (Reg. No . 3 90 1 0) 

Eugene J. Rosenthal (Reg- No. 36658) 

Bruce S. Schneider (Reg. No. 27949) 

Ronald D. Slusky (Reg. No. 26585) 

David L. Smith (Reg. No. 30592) 

Patricia A. Verlangieri (Reg. No. 4220 1) 

John P. Veschi (Reg. No. 39058) 

David Volejnicek (Reg. No. 29355) 

Charles L. Warren (Reg. No. 27407) 

Jeffrey M. Weinick (Reg. No. 36304) 

Eli Weiss (Reg. No. 1 7765) 
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I hereby appoint the attorney(s) on ATTACHMENT A as associate attorney(s) in the 
aforementioned application, with full power solely to prosecute said application, to make alterations 
and amendments therein, to receive the patent, and to transact all business in the Patent and 
Trademark Office connected with the prosecution of said application. No other powers are granted 
to such associate attorney(s) and such associate attorney(s) are specifically denied any power of 
substitution or revocation. 
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Full name of sole inventor: Allen P. Mills o r 


Inventor's signature Slllw fi MlA fjo Date jdM^lffld 

Residence: Chatham Township, Morris County, New Jersey 

Citizenship: USA 

Post Office Address: 7 Meyersville Road 

Chatham, New Jersey 07928 
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ATTACHMENT A 

Attorney Name(s): Henry J. Walsh Reg. No.: 24,451 

John A. Ligon 35,938 

Matthew J. Hodulik 36.164 

David P. Krivoshik 39.258 

Carl A. Giordano 41.780 

William C. Coppola 41.686 

Bosco B. Kim 41.896 

S Kristine Butler 42.376 

Vincent E. McGearv 42.837 

Jeanne P. Vallebuona P45.172 

David M. La Bruno P46.266 


Telephone calls should be made to Henry J. Walsh at Gibbons, Del Deo, Dolan, 
Griffinger & Vecchione at: 

Phone No.: 973-596-4500 or 973-596-4855 

Fax No.: 973-596-0545 


All written communications are to be addressed to: 

Intellectual Property Docket Administrator 
Gibbons, Del Deo, Dolan, Griffinger & Vecchione 
One Riverfront Plaza, Newark, New Jersey 07105-5497 
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